In recent years increasing attention has been directed to nutritional and physiological characteristics as an aid in tracing phylogenetic relationships among aquatic phycomycetes; and as a result of this interest, reports on the physiology of the group have become increasingly numerous. An exception has been the leptomitales, on which the last report was made over a decade ago by Schade and Thimann (1940) . Moreover, their work and that of their predecessors were concerned with only one family in the order, the leptomitaceae. As a result, very little, if any, data are available on the second important family in the leptomitales, the rhipidiaceae.
Among the leptomitaceae, Leptomitus lacteus has received the most attention, probably because of its role in sewage treatment and consequent greater frequency of being encountered. One of the earliest studies on the nutrition of the organism dates back to Kolkwitz (1903) , who was interested in the organism because of its possibilities as a biological indicator in sewage influent. He concluded from his observations that the organism grew best on complex organic nitrogen compounds and less satisfactorily on amino acids. Tiegs and Dorries (1926) gave evidence that, as Kolkwitz had maintained, albuminoid material and other high molecular compounds constituted the most favorable nitrogen and carbon sources. In a study of the nutrition of L. lacteus and Apodachlya brachynema, Schade (1940) demonstrated that both organisms could use only organic compounds as sources of nitrogen. He also showed that A. brachynema was limited to three of the five sugars tested (glucose, fructose, and sucrose), and confirmed Kolkwitz's finding that L. lacteus is unable to utilize sugars as carbon sources. The latest published report on the leptomitaceae was the result of a quantitative analytical study on the metabolism of L. lacteus by Schade and Thimann (1940) . They were able to demonstrate that DL-alanine underwent oxidative deamination, whereas leucine was partially oxidixed to a product of the stage of oxidation of alanine, which was then assimilated. Especially noteworthy are their observations on the fate of the inorganic ammonium ion. They showed that when oxidative assimilation of fatty acids was taking place, ammonia was absorbed from the medium and converted to an assimilation product. However, such assimilation did not result in the increase in dry wt to be normally expected from the amount of nitrogen used.
The organisms studied in the present investigation were Sapromyces elongatus (Cornu) Coker, Rhipidium sp., and Apodachlya sp. Sapromyces and Rhipidium were selected because their physiology had not been studied previously and because such a study would make possible a comparison between two of the important genera constituting the rhipidiaceae. Apodachlya sp. was added because, as a representative of the leptomitaceae, it could be used in comparing the leptomitaceae and the rhipidiaceae.
MATERIALS AND METHODS
Strains used in these studies were isolated and identified by Professor Ralph Emerson of the University of California. S. elongatus was identified principally on the basis of the dicinous, swollen, and irregularly clavate antheridia attached at their apex to the upper part of the oogonia. No attempt was made to identify Rhipidium sp. and Apodachlya sp. beyond genus because of failure to observe sexual structures during the course of the investigation. In other respects, the isolates agree essentially with the description by Sparrow (1943) .
Stock cultures of Sapromyces and of Rhipidium were maintained on a glucose-yeast extract medium, the composition of which was as follows: KH2P04, 2.0 g; MgSO4, 0 Preliminary studies. Nutritional and metabolic studies were preceded by a series of experiments in which the influence of major environmental factors was determined. Studies on the hydrogen ion tolerance of the organisms demonstrated that full growth in the media used was possible within a pH range of 4.5 to 6.5. Because of anticipated difficulties arising as a result of ion exchange or acid formation, it was important to establish tolerance to the phosphates which provided a buffering system most suited to this work. Sapromyces and Rhipidium showed no indication of toxic effects of phosphate at concentrations as high as 0.03 M; Apodachlya was somewhat less tolerant, with a concentration of 0.02 M being the maximum. A determination of optimum glucose concentration for S. elongatus showed that best growth was obtained at a concentration of 0.3 per cent. No appreciable growth occurred in the absence of glucose and complete inhibition took place at concentrations above 10 per cent. A drop in pH level of shake cultures characterized concentrations above 0.5 per cent. Yield in dry weight of mycelium was greatest and most rapid with S. elongatus and Apodachlya sp. on shake cultures; results with Rhipidium sp. were inconclusive because of its extremely slow rate of growth. The drop in pH level characteristic of stationary cultures did not occur with S. elongatus and Apodachlya sp. on shake cultures at glucose concentrations of 0.3 per cent or less. When Rhipidium was aerated as an intact clump of mycelium, acid was produced despite aeration, but, by carefully dissecting the closely compact clumps into pieces small enough to bring all parts of the mycelium directly in contact with the medium and 02, acid formation was eliminated in shake cultures. Because of the dearth of mycelium available for inoculum and because of difficulties in culturing it, the number of carbon sources tested with Rhipidium was limited to the sugars mannose, glucose, fructose, and sucrose. Of the 4 compounds, Rhipidium could oxidize glucose, fructose and sucrose.
Nitrogen nutrition. In the experiments on nitrogen nutrition, the organisms were cultured on media in which the yeast extract of the glucose-yeast extract medium was replaced by the nitrogen source to be tested and to which thiamin (0.013 ,ug/50 ml) was added. Methylamine, acetamide, tryptophan, phenylalanine, and histidine were cold sterilized and added separately because there is a question of their the amino acids serine, threonine, histidine, and proline; the amine methylamine; the pyrimidine uracil; the amides acetamide and urea; the ammonium salts of acetic, pyruvic, lactic, and tartaric acids, or combinations of (NH4)2SO4 and oa-ketoglutaric acid, of (NH4)2SO4 and succinic acid, and of (NH4)2SO4 and malic acid; and on the inorganic compounds KNO3, (NH4)2SO4, (NH4)2HP04, NH4NO3, and NH4Cl. Of the compounds listed above, Apodachlya could utilize only proline and histidine. A significant drop in pH level (as low as 3.7) accompanied growth of Sapromyces and Apodachlya in media containing yeast extract in addition to NH4Cl, (NH4)2SO4, and (NH4)2HP04. The drop could be accounted for either by a differential absorption of ions, or by some interference with the metabolism of the plant. Cultures of Sapromyces grown on tryptophan were characterized by a rapid drop in pH of the media with the first indication of growth. Additional growth was very limited both in flasks neutralized with NaOH and in flasks not neutralized.
The possibility of the utilization of inorganic ammonia by Sapromyces in amino acid synthesis was studied by testing for any sparing effect (NH4)2SO4 might have on alanine, aspartic acid, and yeast extract requirements. It is true that the addition of (NH4)2SO4 to yeast extract resulted in no increase in growth in previous experiments, but a concentration of yeast extract sufficient for full growth had been used; and consequently, any sparing effect of (NH4)2-SO4 might have been concealed. To determine the sparing effect of (NH4)2SO4, concentrations of organic nitrogen were varied from 0.0015 to 0.1 per cent to provide ample opportunity for the manifestation of any growth due to the inorganic ammonia. Alanine and aspartic acid were selected because their role in amino acid synthesis is well established. In addition to thiamin (0.013 jug/ 50 ml), yeast (Lugg and Overell, 1948) . Be- cause Rf values of lactic and succinic acids are almost identical, the presence of succinic acid was tested enzymatically using a succinic acid dehydrogenase preparation. No succinic acid was found to be present. No compound capable of reducing periodate was detected after glucose was removed; nor was any substance found in the neutral volatile fraction of the culture filtrate capable of reducing dichromate or giving a typical aldehyde or ketone reaction. Air free of CO2 was bubbled through a culture of each organism and the effluent gases were passed into a bubbling-flask containing Ba(OH)2. A precipitate of BaCO3 proved that the effluent contained appreciable amounts of CO2. These qualitative analyses indicate that lactic acid and carbon dioxide were the principal metabolic products of S. elongatus, Rhipidium sp. and Apodachlya sp.
Quantitative determination of the products of glucose dissimilation. Quantitative determinations were obtained only with Sapromyces and Rhipidium. Although the 2 organisms do not grow under anaerobic conditions, they will dissimilate glucose. Therefore, pregrown mycelia were used in studying glucose dissimilation in the absence of oxygen; and for comparison in aerobic studies as well. Such mycelia were obtained by starting Sapromyces from zoospores and Rhipidium from tufts of mycelium and growing them on a shaker at 25 C, allowing a growth period of 6 days for Sapromyces and 3 weeks for Rhipidium. The mycelia were then harvested by filtration on a sterile Buchner funnel, washed with 0.03 M phosphate buffer at pH 6.5, and transferred aseptically to the proper vessel.
Aerobic and partially aerobic carbon balances were obtained using the fermentation train technique. When in operation, the train functioned as follows: Air free of CO2 was bubbled through an especially designed aerating flask containing freshly autoclaved, phosphate buffered (pH 6.0), 0.3 per cent glucose solution and the pregrown mycelium. The effluent gases were allowed to pass in sequenue through a U-tube of concentrated H2S04 and another of CaCl2 to dry the gas, an Ascarite tube to absorb the CO2 produced, and finally through a bottle containing sulfuric acid to prevent diffusion of CO2 from the air. The extent of aeration was varied by passing air through the train at 150 ml/min in one experiment and at 50 ml/min in a second experiment. At the end of 7 days for Sapromyces and 14 GOLUEKE days for Rhipidium at room temperature, the medium was acidified to pH 2.0 and air bubbled through the train for several hours to sweep out the last traces of CO2. The difference in weight of the Ascarite tube before and after the experiment was attributed to CO2 produced by the fungi. An aliquot of the culture filtrate was cleared by the zinc sulfate method (Somogyi, 1945) (Friedemann and Graeser, 1933) , and glucose in the ether extract residue by Hassid's method (1937) .
In Schade (1940) on his studies on the nutrition of L. lacteus and A. brachynema when added to those of the present study furnish evidence in support of the opinion that the Leptomitales as a group are autotrophic for vitamins. The vitamin nutrition of Rhipidium is uncertain, although there are indications that it may be completely autotrophic in this respect.
S. elongatus differs from the group inasmuch as it is heterotrophic for thiamin; but the possibility remains, however, that this particular strain is a thiaminless mutant and that other strains or species of Sapromyces may be found to conform to the general pattern of the order. Similar differences in vitamin requirements are known to occur within other orders of phycomycetes (e. g., chytridiales, Crasemann, 1954; saprolegniales, Bhargava, 1945; Leonian and Lilly, 1937) .
Carbohydrates suitable as carbon sources for the leptomitales are limited. Apodachlya, Sapromyces, and Rhipidium use only sucrose, glucose and fructose whereas Leptomitus is unable to use sugar and is restricted to organic and amino acids. A wide variation does exist within the leptomitales with respect to the use of other carbon compounds, with the leptomitaceae being more versatile than the rhipidiaceae.
The leptomitales are fairly uniform in their nitrogen requirements, inasmuch as all the members studied must have organic nitrogen to synthesize the amino acids which they may require, and all are able to form the entire amino acid complex and other nitrogen compounds needed for growth from a single amino acid. Although inorganic ammonia will not support growth, it is absorbed by the cells in the presence of organic nitrogen as is indicated by the drop in pH. The inability of the organisms to use ammonium nitrogen is not explained by lack of growth factors or unfavorable pH. Change in pH occurred only when an organic source of nitrogen was present in addition to inorganic nitrogen and the drop in pH increased with the amount of growth. On the other hand, on the basis of preliminary experiments on pH tolerance, full growth could have been attained within the pH range prevailing during each experiment involving a combination of inorganic and organic nitrogen. Nutritional factors such as suitable vitamins, intermediates, and trace elements were accounted for by adding them to media in which the inorganic nitrogen sources were tested. Nor is the inability to use inorganic nitrogen explained by the failure to form some essential amino acid, because none of the organisms studied have any essential amino acid requirements, and could have formed all amino acids required had it been possible to synthesize any of the wide variety of individual acids from the inorganic nitrogen supplied.
In common with many of the aquatic phycomycetes whose metabolism has been reported (Schade and Thimann, 1940; Emerson and Cantino, 1948; Cantino, 1949; Ingraham and Emerson, 1954; Crasemann, 1954) nongrowing conditions and with sufficient aeration they dissimilate glucose completely to CO2. Decline in CO2 production and increase in lactic acid production paralleled decrease in aeration. Under completely anaerobic conditions, no detectable C02 was produced and lactic acid was the predominant product.
